Aims: The aim of this study was to report on the practicality, feasibility and impact of implementing the National Institute for Health and Care Excellence (NICE) guidelines for the control of diabetes in women during labour and birth. Methods: We analysed case records of pregnant women with diabetes who delivered in the period between July 2014 and June 2015. The data were collected in relation to the availability of a plan in the notes, capillary blood glucose (CBG) monitoring, use of variable rate intravenous insulin infusion (VRIII), maintenance of CBG targets within 4-7 mmol/L, maternal hypoglycaemia during labour and neonatal hypoglycaemia. Results: Fifty-one women with diabetes delivered during this period. Only 45% of women were monitored by complete hourly CBGs until delivery. 27.4% of women had CBG ≥7 mmol/L but only 17.6% were started on VRIII. The VRIII group had a 22.2% incidence of minor maternal hypoglycaemia. Neonatal hypoglycaemia occurred in 47% of the babies. Conclusion: A CBG target of 4-7 mmol/L during labour and initiation of VRIII when levels are above this target in pregnant women with diabetes is difficult to achieve and is associated with some maternal hypoglycaemia. Repeat CBG measurements within half an hour and strict adherence to clear guidelines and protocols supported by more education and adequate staffing may improve results.
Introduction
Infants born to mothers with diabetes have higher morbidity, 1 including the risk of neonatal hypoglycaemia. Neonatal hypoglycaemia is thought to be secondary to beta cell hyperplasia in the infant pancreas following maternal hyperglycaemia in pregnancy. [2] [3] [4] [5] It has been hypothesised that the last 18 hours in utero is important to prevent neonatal complications, even in women with good glycaemic control during pregnancy. 6 The National Institute for Health and Care Excellence (NICE) has suggested maintaining maternal blood glucose at 4-7 mmol/L to reduce neonatal hypoglycaemia. 1 The use of a combined insulin and glucose infusion during labour to maintain maternal blood glucose in a narrow range (4-7 mmol/L) is a common and clinically efficient practice. 1 In contrast, some studies have questioned the definition of neonatal hypoglycaemia and its relationship to maternal hyperglycemia. 7 They also raised concerns that maintaining tight glycaemic control in the range of 4-7 mmol/L may increase maternal hypoglycaemia and resource burden without any clear reduction in neonatal hypoglycaemia. 8, 9 Our local protocol is to monitor capillary blood glucose (CBG) hourly from the onset of labour in all women with diabetes. If CBGs rise above 7 mmol/L, the variable rate intravenous insulin infusion (VRIII) is commenced ( Figure 1 ). The rate of insulin infusion is then adjusted hourly depending on the CBG level, with the aim of keeping CBGs between 4-7 mmol/L throughout labour and birth.
This retrospective observational cohort study was undertaken to investigate the adherence, feasibility and effectiveness of our guidelines in reaching NICE targets and the resultant impact on neonatal hypoglycaemia and maternal hypoglycaemia.
Methods
A list of mothers with diagnosed diabetes mellitus (gestational, type 1 and type 2) who delivered during the period from July 2014 to June 2015 was compiled from the obstetric Euroking database.
Case records were analysed for the type of diabetes, insulin use and whether there were appropriate plans for labour with VRIII and CBG forms in their files. The plan that we use in our Trust is shown in Figure 1 . Basal insulin when used is continued during labour and meal time insulin is continued as long as CBG levels are within the target range. Once the patient is in established labour and is either known to have type 1 diabetes or the Conquest Hospital, Hastings, East Sussex, UK 
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CBG is ≥7.0 mmol/L or she is not reliably eating and drinking, VRIII is started, basal insulin is continued and meal time insulin is withheld.
The records were also analysed for CBG levels during labour, appropriate use of VRIII, type of delivery, maternal hypoglycaemia and the incidence of neonatal hypoglycaemia. Fisher's exact test was used to determine statistical significance.
CBG monitoring was considered incomplete if any readings were missing from the chart. Maternal hypoglycaemia and neonatal hypoglycaemia were defined as a level below 4.0 mmol/L and 2.6 mmol/L, respectively, for the purpose of this study.
Results
Fifty-one mothers with diabetes were identified, of which 41 (80%) had gestational diabetes, five (10%) had pre-existing type 1 diabetes and five (10%) had pre-existing type 2 diabetes (Table 1) . Forty-four patients (86%) had an appropriate prescription plan in their notes before admission for delivery.
Glucose monitoring
Although all the patients had some CBG monitoring, only 23 patients (45%) received complete hourly CBG monitoring until delivery. The average number of CBGs missed per women for the whole cohort was 1.24, while the average for the group which missed at least one CBG record was 1.84. The expected average monitoring number per woman was 3.4.
Women who delivered by caesarean section (CS)
Of the 25 women who had caesarean section (CS) deliveries (17 elective and 8 emergency), only 36% of patients had complete CBG monitoring with the average CBG record missed per woman being 2, irrespective of whether elective or emergency. The missed readings were more common from the records in the operating theatre than in the labour room, although the numbers are too small to derive a quantitative judgement. Among those who underwent elective CS, only three had complete hourly CBG monitoring. All three had VRIII but could not be maintained in the target range. Neonatal hypoglycaemia of 2.3 and 2.4 mmol/L was seen in two of the babies delivered. Of eight women who had an emergency section, only three had complete CBG monitoring and nobody was put on VRIII. Three women in this group had CBG of 7, 7.3 and 7.9 mmol/L but missed VRIII in error (in violation of our local protocol) and delivered babies with neonatal hypoglycaemia of 1.3, 2.4 and 2.4 mmol/L, respectively. Two of these women had CS within 2 hours and missed the two possible CBGs that could have been done. The third woman, however, was in labour for 6 hours but had only four tests. Three of these tests were high as per our local protocol at 7.8, 7.4 and 8 mmol/L, but she missed VRIII. Her baby's CBG was 2.4 mmol/L. There were four other women in this group of emergency CS who delivered babies with neonatal hypoglycaemia of 1.7, 1.7, 1.9 and 1.7 mmol/L. In total, seven women out of eight who had an emergency CS had babies with neonatal hypoglycaemia. In three of these women there was evidence of macrosomia and polyhydramnios.
Women who were insulin treated in pregnancy There was no relationship between insulin treatment before delivery and the completeness of hourly CBG monitoring. Five patients received hourly CBG monitoring even though they were not being treated with insulin in the antenatal period. In contrast, 20 patients were on single or multiple dose subcutaneous insulin treatment with or without metformin before delivery but did not receive complete hourly CBG monitoring during labour and birth. The mean number of CBG records missed per woman was 1.93.
Women who received VRIII during delivery
The CBGs were >7 mmol/L in 14 mothers (27.4%). VRIII was started in nine of the 51 mothers (17.6%). The range of CBGs (available in eight patients) before starting VRIII varied from 4.6 to 13. was sent to the operating theatre before the CBG could be done but she was on VRIII and the baby had neonatal hypoglycaemia with CBG of 1.6 mmol/L. CBGs done in the theatre at half an hour and one hour were fortunately acceptable at 4.8 and 4.9 mmol/L. One woman with gestational diabetes was started on VRIII at a CBG of 4.6 mmol/L in error. VRII was not adjusted appropriate to the lower target CBG of >4 mmol/L and resulted in maternal hypoglycaemia with CBG of 3.9 mmol/L. The baby did not have any complications. VRIII was appropriately adjusted only in four of the eight women where CBG monitoring was available. VRIII was not adjusted properly in two women because of inadequate monitoring and in one case the scale was not moved up in spite of rising glucose levels over 4 hours. The fourth woman was the one who was started on VRIII at 4.6 mmol/L and she had a minor unexpected hypoglycaemic episode (mentioned above). In others the VRIII was adjusted adequately but the target was achieved only in one woman who delivered normally after being in labour for 6 hours. In the other three women there was insufficient time in labour for the VRIII to attain the required target before two of them had a CS and one had ventouse delivery. The target CBG of <7 mmol/L was maintained in only two of these eight women.
Two mothers (22.2%) on VRIII developed hypoglycaemia whereas no patients without VRIII had symptomatic hypoglycaemia requiring medical attention (p<0.02). In one mother the VRIII was not adjusted appropriately but, in the other woman, hypoglycaemia occurred in spite of appropriate changes in the VRIII. The degree of hypoglycaemia was mild with CBG levels of 3.6 and 3.9 mmol/L, and these women were treated promptly as per hospital protocol with no adverse consequences.
Women who missed VRIII in error Five women were eligible for VRIII but did not receive it. Three of these women did not have complete hourly CBG monitoring. One had a CBG of 7.9 mmol/L but delivered within 2 hours by emergency CS and the neonate had a CBG of 2.4 mmol/L. The second had a CBG of 7.3 mmol/L and was in labour for 6 hours with two other readings of 7.4 and 7.8 mmol/L but was erroneously not put on VRIII. She also had an emergency CS and delivered a baby with CBG of 2.4 mmol/L. The third mother had a CBG of 7.6 mmol/L, but the subsequent hourly CBGs were 6.9 and 5.7 mmol/L and she had a normal delivery with a healthy neonatal CBG of 2.9 mmol/L. Two other women had complete CBG monitoring. One had a CBG of 7.0 mmol/L and had an emergency CS within 2 hours of arrival but the baby had a CBG of 1.3 mmol/L. The other had a CBG of 9.1 mmol/L and delivered normally within 1 hour but the baby's CBG was 2.5 mmol/L.
Women who delivered babies with neonatal hypoglycaemia In total, four babies of nine mothers (44.4%) on VRIII had hypoglycaemia. In three of these mothers CBG was available and in all three of them it was >7 mmol/L (13.8, 7.4 and 7.9 mmol/L). Neonatal blood glucose was 1.2, 2.4 and 2.3 mmol/L, respectively. The fourth neonate had a CBG of 1.6 mmol/L but the mother's CBG was not recorded as she was sent to theatre on a VRIII. The baby with the CBG of 1.2 mmol/L spent 5 days in the Neonatal Intensive Care Unit. None of the babies born to the two mothers who were able to maintain CBG <7 mmol/L delivered a baby with neonatal hypoglycaemia (even though one of the mothers had a CBG of 8.2 mmol/L before starting VRIII).
The mothers of these four babies had evidence of poor longterm glycaemic control, as evidenced by one or more indicators such as very high HbA1c, macrosomia and polyhydramnios. The first baby was born to the mother with type 1 diabetes who had an HbA1c as high as 95 mmol/mol and macrosomia during pregnancy. The second was born to the mother with type 2 diabetes with HbA1c of 90 mmol/mol before pregnancy. The third was born to the mother with gestational diabetes who had no pregnancy HbA1c available but the baby suffered from both macrosomia and polyhydramnios. The fourth baby also had macrosomia.
Neonatal hypoglycaemia (CBG <2.6 mmol/L as per our hospital protocol) was seen in 24 babies (47%), severe in six (CBG ≤1.6 mmol/L). Eighteen (44%) of these babies were born to mothers with gestational diabetes, two (40%) to mothers with type 1 diabetes and four (80%) to mothers with type 2 diabetes. Neonatal hypoglycaemia was numerically more frequent in women with pre-existing type 2 diabetes, patients not receiving VRIII, patients not receiving appropriate CBG monitoring, CBGs outside the target range of 4-7 mmol/L, insulin-treated patients and assisted deliveries. However, none of these groups differed significantly by Fisher's exact test (Table 1) .
Discussion
It was difficult for midwives to maintain hourly CBG monitoring until the end of labour. NICE has suggested a staffing level of one midwife for each mother in labour; 10 however, this can be difficult to achieve in some hospitals. In our hospital it is not uncommon for midwives to care for two patients at a time, at least immediately after admission.
A significant number of patients had emergency or early CS after hospital admission, which might explain the poor glucose monitoring in this group of patients. As these patients are not in labour, the hourly monitoring is delayed until the patient is ready to be taken to theatre. Early start of monitoring may pick up glucose abnormalities in some of these patients. Subsequent early and appropriate action has the potential to maintain patients within the NICE suggested target. This in turn has the potential to reduce neonatal hypoglycaemia. We suggest a second CBG test in patients who have a CBG of 7-8 mmol/L within half an hour and, if both are higher than 7 mmol/L, VRIII should be promptly started. This would give more time for the VRIII to be effective in patients waiting for CS or having accelerated deliveries.
We realised that our prescription chart did not adequately clarify the need to start CBG monitoring in all patients with pre-existing type 1 diabetes being admitted for elective CS. The prescription chart has since been revised. Similar difficulties with monitoring have been noted in other studies. 11 Our patient who was sent to theatre on VRIII without a prior CBG highlights a safety breach and the ongoing need for education to the obstetric staff in hospitals.
In our hospital we have a protocol to start VRIII in patients with type 2 diabetes and gestational diabetes only when CBG is >7 mmol/L. A similar 'watchful wait' approach has been described in some other studies. 11 Again, given the practical difficulties, we found that five patients missed VRIII in our group despite their CBG being above the target range and one patient received the VRIII despite not requiring it. The reason for not starting VRIII in three of these women was quick delivery or CS within 2 hours. It is unlikely that a very short period of VRIII would influence the neonatal outcome significantly. NICE guidelines provide an excellent framework for managing patients with diabetes during delivery but, in some cases, the decisions to defer or avoid VRIII may be entirely appropriate, particularly if the delivery is iminent.The case of the fourth woman where three readings >7 mmol/L were ignored highlights the importance of clear guidelines, more education and strict adherence to the protocols. The case of the fifth woman where the first reading was 7.6 mmol/L but the subsequent readings were <7 mmol/L highlights the value of repeating CBG within half an hour if the first reading is >7 mmol/L. This way we may be able to avoid unnecessary VRIII in some cases.
In the nine women who received VRIII, only two achieved target CBG while on VRIII and their babies did not suffer from neonatal hypoglycaemia. We think the reason for not being able to achieve target CBG in spite of starting VRIII was a mixture of inadequate monitoring, lack of appropriate action on monitoring and the lack of time available to effectively manipulate the rate of VRIII in time before delivery or birth, as described in the Results section. The insulin dose was increased appropriately only in four patients. This highlights an educational issue. Effective use of continuous glucose monitoring and continuous subcutaneous insulin infusion may be other options to control CBGs in a tight target range without causing significant hypoglycaemia. However, this has not been studied in detail yet. 12, 13 Neonatal hypoglycaemia is not clearly defined in the literature, with values defining it ranging from 1.6-2.2 mmol/L to 2.5-2.6 mmol/L. 14 In our group hospital policy defines it as <2.6 mmol/L. The most recent publication involving huge numbers (n=17,094) suggests that the normal glucose threshold could be 2.2 for the 90th centile and 1.9 for the 95th centile for glucose in the neonate. 15 Routine measurement of neonatal blood glucose shows that 5% of apparently normal neonates have CBG <1.7 mmol/L in the first few hours of life. 16 Many experts, however, feel that symptomatic hypoglycaemia and a measured glucose of <2.5 mmol/L should be managed aggressively. 17 Others have recommended intravenous glucose for infants with glucose <1.4 mmol/L. 18 In our study nine mothers received VRIII. Of these, four delivered babies with hypoglycaemia. VRIII use and neonatal hypoglycaemia did not seem to be related significantly, although the number is too small to derive any meaningful conclusion. Out of 24 studies reviewed recently, 19 studies specifically looked for a relationship between maternal glucose during labour and neonatal hypoglycaemia. In 10 of these studies there was an inverse relationship, with a similar trend in another three and only six found no relationship. 19 The inverse relationship was particularly strong in studies reporting on pre-gestational diabetes. In the same review the lower target range has varied from 2.8 to 4.0 mmol/L and the higher from 5.5 to 8.3 mmol/L, with no clear relationship with neonatal hypoglycaemia. The authors believe that a target CBG of 4-6 mmol/L can be used safely and results in a low rate of neonatal hypoglycaemia. 19 Some other authors did find an association with neonatal hypoglycaemia, but only at a threshold of maternal CBG >8 mmol/L. Interestingly, there was no increase in neonatal hypoglycaemia when CBGs were kept below 8 mmol/L. 8 A similar rate of overall neonatal hypoglycaemia (47%) to our study group has been reported in another study of 35 babies of mothers with diabetes. 20 The range of neonatal hypoglycaemia reported in the literature ranges from 0% 13, 21 to 69%. 22 We could not find a significant association between maintaining CBG <7 mmol/L and neonatal hypoglycaemia. In our group, 43% of babies had neonatal hypoglycaemia even when the mothers were maintained in the target range, similar to some other studies. 11 This may be because neonatal hypoglycaemia is caused not only by hyperinsulinaemia during labour but also during pregnancy, especially when the diabetes control is not tight. 4 Indeed, the four women in our group who had neonatal hypoglycaemia in spite of VRIII exhibited indicators of poor control during pregnancy, as detailed in the Results section. The fact that a disproportionately high proportion of women who had babies delivered by emergency CS with neonatal hypoglycaemia (7 of 8) also suggests a contributory role of factors other than glycaemic control during labour and birth. This is supported by the presence of indicators of poor antenatal glycaemic control such as macrosomia and polyhydramnios in some of these women.
Moroever, neonatal hypoglycaemia is commonly associated with maternal diabetes, 23 but can also be due to other reasons such as pituitary adrenal and other metabolic causes. 24, 25 In several studies maternal hypoglycaemia was a recognised complication when trying to keep CBG at 4-7 mmol/L. [26] [27] [28] [29] [30] In our group two women (22.2%) who used VRIII developed hypoglycaemia with CBG <4 mmol/L compared with none in those who did not require VRIII (p<0.02). This was appropriately treated. Maternal hypoglycaemia can be as high as 56% with tighter targets of 4-6.5 mmol/L. 22 Some other studies have reported a reduction in maternal hypoglycaemia from 40% to 22.2% when the target CBG is relaxed. 31, 32 A recent editorial in Anaesthesia warns against maternal hypoglycaemia in women on VRIII and suggests targeting capillary blood glucose of 6-8 mmol/L. It may not be unreasonable therefore to relax target CBGs to 4-8 mmol/L or even 6-8 mmol/L where hypoglycaemia can have disastrous consequences. 9 However, further research is urgently needed to confirm that such relaxation would not have a deleterious effect on the neonatal outcomes.
In the new JBDS-IP guidelines the group suggests maintaining CBG 4-7 mmol/L in general. Given that the CBG is not always absolutely accurate, it may be sensible to wait for at least two consecutive readings (preferably the second one within half an hour) to be high before VRIII is started. In patients who are undergoing regional analgesia or anaesthesia, CBG monitoring every half an hour and a more relaxed target has been suggested as an option (submitted for publication).
This study has some limitations. We did not find a significant association between VRIII use or a labour CBG of 4-7 mmol/L and a lower incidence of neonatal hypoglycaemia. The VRIII was, however, not effective in maintaining CBG in the target range. The lack of relationship with CBG levels could have been purely because of low numbers and larger studies in well matched groups are needed. Statistical tests in these low numbers may not be relevant. Placental transfer of glucose during the antenatal period was a confounding factor that might have negated the benefit of VRIII and peripartum control. 4 
Summary and recommendations
Neonatal hypoglycaemia remains a common and potentially avoidable complication in pregnancies complicated with diabetes. It was more common in women with poor glycaemic control in the antenatal period, pre-existing diabetes, insulin-treated diabetes, poor monitoring, women not receiving VRIII during delivery, women whose CBG was outside the range of 4-7 mmol/L and women delivered by ventouse and CS in our study.
Maintaining CBGs in mothers at 4-7 mmol/L during labour was difficult and created an increased risk of minor but easily treatable maternal hypoglycaemia. We suggest repeating CBG within half an hour of the first CBG reading >7 mmol/L and starting VRIII promptly if these two consecutive readings are >7 mmol/L. This would help avoid excessive use of VRIII but, at the same time, would drive appropriate metabolic control in women who may benefit, resulting in lower neonatal hypoglycaemia. Additional systems, protocols and prompts should be in place to safely maintain these target levels in women in the delivery areas. One-to-one staffing and regular education of all the staff involved is crucial. More randomised studies are urgently needed to ascertain the exact targets for this group of patients.
Key messages
• Neonatal hypoglycaemia remains a common and potentially avoidable complication in pregnancies complicated with diabetes • Maintaining the NICE recommended capillary blood glucose target of 4-7 mmol/L during labour has the potential to reduce neonatal hypoglycaemia but led to minor maternal hypoglycaemia in 22.2% of patients in our group. There was, however, no harm to the mothers • Neonatal hypoglycaemia was more common in women with poor glycaemic control in the antenatal period • Neonatal hypoglycaemia was numerically more common in women with pre-existing type 2 diabetes, insulin-treated patients, patients not receiving variable rate intravenous insulin infusion (VRIII), patients not receiving appropriate capillary blood glucose (CBG) monitoring, CBGs outside the target range of 4-7 mmol/L and assisted deliveries • Hourly CBG monitoring during labour and VRIII in appropriate patients can help achieve NICE targets and reduce neonatal hypoglycaemia in some patients • Systems, prompts and clear guidelines should be in place for a more effective and safe implementation of NICE guidelines
